INTRODUCTION
Calcareous nannofossils are the minute (l-2Qu) skeletal remains of planktonic members of the golden brown algae. They are essentially tropical or subtropical organisms but cosmopolitan and high-latitude species are known (Edwards, 1968a, b; Mclntyre, Be, and Roche, 1970; Worsley and Martini, 1970; ) . However, remains are not common in high-latitude sediments. Therefore, it is not surprising that the Neogene assemblages found in the North Pacific and Bering Sea have low population density and species diversity. Paleocene and Maestrichtian assemblages from the North Pacific are more diverse, suggesting more moderate global climate, and/or large translatitudinal plate motion.
In the Bering Sea, six sites were drilled ( Figure 1 ) and the oldest sediments cored are Miocene. Most analyzed samples are completely devoid of calcareous nannofossils and little interpretation is offered here of the significance of the few fossiliferous samples, other than to note in the site reports where they occur. The reader is referred to the site reports and to the foraminifera chapter in this volume for detailed paleoclimatic interpretation.
In the North Pacific, five sites ( Figure 1 ) were drilled, two of which contain more diversified nannofloras than any site in the Bering Sea. Meiji Guyot (Site 192) at the northwestern terminus of the Emperor seamount chain contains a somewhat impoverished Neogene assemblage underlain by progressively richer ones of Oligocene, Eocene, and Maestrichtian age. The Mesozoic-Cenozoic boundary was cored here, thereby demonstrating the complete absence of Paleocene strata at this site. The Gulf of Alaska (Site 183) is devoid of Neogene nannofossils and was apparently below the carbonate compensation depth (CCD) throughout its Neogene depositional history. Below, extremely sparse nannofloras occur in a thick turbidite sequence between a thin (1 to 20 meters) Oligocene nannofossil-rich chalk bed and a 1-to 2-meter-thick upper lower Eocene nannofossil-rich limestone bed.
The other North Pacific sites (Figure 1 ) contain no nannofossils.
CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY
Bio stratigraphy is ultimately based on accurately determining the relative abundance or absence-presence relationships of taxa in samples. If specimens are too rare in samples, it is not generally possible to accurately determine relative abundances or stratigraphic ranges. Tables 1 and 2 are the nannofossil range charts of the North Pacific. In these range charts, A indicates more than 1 specimen per field of view; C, 1/10 to 1 specimen per field of view; R, less than 1/100 specimen per field of view; and X, presence noted, abundance not determined. The field of view was at 640X magnification. Usually, as was done in this study, smear slides are used for age determinations. They frequently contain in excess of 30 specimens per field of view so that 20 minutes of observation at a rate of 5 fields of view per minute would total 100 fields or 3000 specimens. Unfortunately many of the samples studied here have far less than 1 specimen per field of view so that only a few specimens were found in 20 minutes of searching. Therefore, in the Paleogene portion of Site 183 where nannofossils are extremely scarce, with the exception of the two carbonate beds, and where no other fossil control is available, searching was continued long past twenty minutes and for as much as 4 to 5 hours for some critical samples. Even with these long searching times, the total number of specimens observed did not exceed a few hundred to a thousand, most of which were not age diagnostic. It is not improbable that still longer searching will reveal even more species for these samples.
NANNOFOSSIL PALEOECOLOGY OF THE NORTH PACIFIC Background
Paleoecology, like biostratigraphy, is essentially dependent upon determining relative abundance or presenceabsence of taxa with samples. In biostratigraphy, the age of the sample is unknown and relative abundance or presenceabsence is assumed to have evolutionary and therefore age significance. The reverse is true in paleoecology where the age of a sample must be known before attaching environmental significance to relative abundance or presenceabsence of taxa. This is, at least in part, circular if the same fossil group is used for both age determination and Table 3 summarizes many of the significant physical, ecological, and taxonomic characteristics of four localities on the northern and eastern perimeter of the North Pacific (denoted by asterisks on Figure 1 ). As the paleontologic data of the table are mainly dependent on the absence or presence of taxa in the specified localities, it would be well to review the factors controlling nannofossil distribution in coeval deposits before interpreting the data. They are paleodepth of water, past levels of the carbonate compensation depth, past climate, and paleospastic position.
Information on the paleodepth of deposition for many oceanic (but not shelf) cores can be obtained if one assumes that all oceanic crust forms on ridge crests, subsequently founders as spreading proceeds, and is finally subducted into a trench. Sclater et al. (1971) have found a relationship between age of the oceanic crust and its depth below sea level. Most ridge crests average 2 to 3 km below sea level and ultimately founder to perhaps 5 km prior to subduction. When graphed, this relationship closely approximates a catenary curve of age versus depth. In this study, corrections have been applied to obtain paleodepths for the two oceanic sites. Only paleontologic criteria are available for determining paleodepth of the shelf sites but these were certainly much shallower than the oceanic ones.
Besides the depth to the sea floor, the carbonate compensation depth has also changed through time by as much as 1 km for the Atlantic (Hay, 1970; Ramsay, 1973) . This means that even though "Sclater curves" have been applied to an oceanic locality, one cannot be sure of knowing the relation of the sediment-water interface to the carbonate compensation depth without additional information. Age versus CCD curves are available for the Atlantic (Ramsay, 1973) , but not yet for the Pacific so that much of the information presented below with respect to this topic is subjective.
Besides being dependent on water depth and the CCD, the quantity of biogenic calcite in a sediment is also a function of surface water temperature at time of deposition. The colder the climate, the lower the specimen density and species diversity in surface waters and therefore in sediments. Climate at a site can change by either having climatic belts migrate across the site or having the site migrate across climatic belts. That both occur is demonstrated by the record of the ice ages for the first case or in the hypotheses of sea floor spreading and polar wandering for the second.
Meiji Guyot and the Gulf of Alaska have probably been strongly affected by all four of these processes. The question is, which dominated when? If a unique solution is attainable, information about paleoclimate, paleo-ocean chemistry, sea floor spreading, and absolute plate motion can be obtained. For this reason, interpretation is attempted regardless of the ambiguity in the small amount of data available in the hope it will stimulate further research into this complex and fascinating problem.
CONCLUSIONS
Available evidence seems to favor cool-to cold-water deposition for the Paleogene sediments of Meiji Guyot and the Gulf of Alaska. However, warm-water conditions are suggested for the Maestrichtian of Meiji Seamount. Species diversity (Table 3) in the North Pacific is only a fraction of that in Southern California. Only four species of Discoaster occur in the North Pacific compared to twentyone in coeval deposits in Southern California. If climates were similar for both regions at that time, discoasters should have been equally well represented in all four sites because they are known to occur abundantly in both shelf Tabor, 1972. e Evernden and Evernden, 1970. and deep ocean sediments and also because they are known to have the deepest compensation depth of all Paleogene nannofossils. A latitudinal trend similar to that of the discoasters is observed for sphenoliths, helicopontosphaerids, and pontosphaerids, all of which, like discoasters, are thermophilic. However, unlike discoasters, these three groups have relatively shallow compensation depths and prefer shelf conditions (Edwards, 1968; Bukry 1970) . Therefore, proximity to shore and water depth, as well as paleotemperature, probably contribute to their observed distribution pattern in the North Pacific margin.
Further evidence for upper Eocene cool-water deposition lies in the occurrences of Isthmolithus recurvis, Lanthernithus minutus, and Chiasmolithus oamaruensis without other upper Eocene "guide fossils" (Edwards, 1968; Worsley and Jorgens, in press ). The nonoccurrence of middle Eocene chert in the North Pacific sites as opposed to ubiquitous occurrences at lower latitudes suggests deposition in the barren central water mass of the North Pacific during Eocene time. This could also account for the puzzling absence of siliceous microfossils at these sites despite their widespread occurrence and abundance at this time.
Maestrichtian assemblages recovered from Meiji Guyot have a generally tropical aspect. Members of the Tetralithus complex similar to the tropical 71 mums occur, but Nephrolithus, a coeval genus having cooler water preference, is absent. The occurrence of the tropical Ceratolithoides kamptneri and the extinction of Lucianorhabdus cayeuxi below that of Cylandralithus serratus are supporting evidence for generally warm surface waters. However, the absence of siliceous microfossils suggests deposition north of the equatorial belt of high productivity.
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